The therapeutic effects of CV 3611, a new synthetic free radical scavenger prepared from an ascorbic acid derivative, on choline deficient, ethionine enriched (CDE) diet induced acute pancreatitis in mice were evaluated and compared with those of superoxide dismutase. Time/course studies after subcutaneous injection of CV 3611 in normal mice showed a peak plasma concentration of mean (SEM) 0*54 (0.09) [ig/ml at one hour, with a gradual decrease over the next 10 hours, while a peak concentration in pancreatic tissue of mean (SEM) 425 (33) ng/g tissue was achieved at three hours and the drug was undetectable at 12 hours. Survival rates and activities of pancreatic enzymes (amylase, lipase, elastase I) were compared in control mice and animals that received CV 3611 before or at the time of feeding the CDE diet. The survival rate was observed in a no treatment group and mice given pretreatment or treatment with CV 3611 or superoxide dismutase. The survival rate was significantly better in the treatment group given CV 3611 (p<0.02), but superoxide dismutase had no significant effect on survival. The increases in the three serum enzyme activities were significantly less at 48 hours in the groups given pretreatment or treatment with CV 3611 than in the no treatment group. These results indicate that CV 3611, which has been proved to pass through the cell membrane and to have a long halflife in plasma and tissue, had an important therapeutic effect on the development ofacute pancreatitis. They also suggest that oxygen derived free radicals may play an important role in the development of acute pancreatitis.
The role of oxygen derived free radicals in the pathogenesis of acute pancreatitis has been reported recently. '2 In the sequential univalent process of the complete reduction of molecular oxygen to water, several oxygen intermediatesfor example, superoxide anion (02), hydrogen peroxide (H202), and the hydroxyl radical (OH-) -are encountered in a living system. 3 Normally, only small amounts of these toxic intermediates are produced and they are detoxified by endogenous free radical scavengers such as superoxide dismutase and catalase and antioxidant substances such as a tocopherol and ascorbic acid. In disease, however, the production of active oxygen species may be increased and the working of the scavenging system may be decreased. 
Survival rate
The experimental mice were divided into three control groups, a no treatment group, two pretreatment groups, and two treatment groups. After an overnight fast, the control groups were given a normal diet with intraperitoneal superoxide dismutase (10 mg/kg) (n= 10), 1% gum arabic subcutaneously (n= 10), or 1% gum arabic plus subcutaneous CV 3611 (10 mg/kg) (n= 10). The no treatment group (n=27) were given a CDE diet with subcutaneous gum arabic and intraperitoneal saline. The pretreatment groups were given intraperitoneal superoxide dismutase (10 mg/kg) (n= 10) or subcutaneous 1% gum arabic plus CV 3611 (10 mg/kg) (n= 15) 12 determined. Blood samples (0 5 ml) were deproteinised with ethanol (4.5 ml), and centrifuged at 3000 rpm for 10 minutes. The supernatant (4 ml) was concentrated in a vacuum, and the concentrate was diluted with methanol (0-15 ml) and water (0 05 ml). The suspension was stirred for 30 seconds then centrifuged at 3000 rpm for 10 minutes. The aliquot (0-1 ml) was analysed by reversed phase high performance liquid chromatography (HPLC, Hitachi 655A-11). The reversed phase HPLC system consisted of a C 18
Inertsil ODS 5 [tm column (4.5 x 150 mm) with a mobile phase of CH3CN/methanol/water/acetic acid (1000:250:150:1). The flow rate was 1.5 ml/minute and CV 3611 was detected by ultraviolet spectroscopy (Hitachi 655A) at 240 nm. The amounts of CV 3611 were calculated by the use of external standards.
All procedures to determine the content of CV 3611 were done at room temperature unless otherwise noted. Pancreatic tissue samples (130 mg) were homogenised with 2.9 ml of ethanol and 0-1 ml of 50% ethanol tissues containing 0. 1% ascorbic acid. The homogenate was centrifuged at 3000 rpm for five minutes. Some 1 ml of 0-1 M phosphate buffer (pH 5 0) was added to the supernatant (3 ml) which was then washed twice by shaking with 4 ml of n-hexane for five minutes. After centrifugation at 3000 rpm for five minutes, the 3 ml of the lower layer was evaporated to dryness in a vacuum at 40°C. The REELNW: < 5Ungfg TOSSUei pathological processes responsible for the high mortality in severe acute pancreatitis can largely be explained as resulting from excessive stimulaun lipase activity also increased considerably tion of leucocytes which leads to the liberation of n a basal value of mean (SEM) 34 (5) IU/1 to oxygen radicals and biological reference (110) IU/1 48 hours after the CDE diet modifiers. 0-001). In the pretreatment and treatment
We have attempted to clarify the role of ips, the serum lipase activities at 48 hours oxygen radicals in the pathogenesis of acute elower -mean (SEM) 473 (67) IU/l (p<0. 05) pancreatitis in mice. We have shown in this 280 (30) IU/1 (p<001), respectively -than study that CV 3611, a potent free radical of the no treatment group.
scavenger that has overcome some of the detrihe effect of CV 3611 on the serum elastase I mental properties of free superoxide dismutase, vity (n=6) was determined. In the no treat-effectively reduced extravasation of pancreatic It group, the serum elastase I value increased enzymes and increased survival rate in CDE diet siderably from a basal activity ofmean (SEM) induced pancreatitis. The evidence suggests that (10) ng/dl to 510 (85) ng/dl 48 hours after the antioxidants may help in reversing secretory E diet (p<0O001). In the pretreatment and polarity, but not perhaps after frustrated phagotment groups, the serum elastase I activities cytosis has set in. These data, while hinting at the c mean (SEM) 250 (35) ng/dl (p<005) and importance of normal exocytosis in preserving (20) ng/dl (p<0-01) respectively at 48 hours. pancreatic integrity, underline the importance of refore, the increases in serum elastase I considering the biophysical properties of potenies at 48 hours were also reduced signifi-tial antioxidants for the treatment of experily, compared with the value in the no mental and human pancreatitis. tment group (both p<0 05). The scavenging effect of CV 3611 is shown in both the model of the polymorphonuclear leucocyte 2-producing system and the inhibition of cussion lipid peroxidation of linoleic acid caused by 2-, ,gen derived free radicals have recently been OH, and LOOH. CV 3611 is a novel scavenger )rted to play an important role in the patho-that scavenges several free radicals including .sis of many disorders of the living 02 , OH-, LOO, LO, and L. CV 3611, which em.1'6 17 Braganza`8 proposed that oxidative has a high affinity for the biomembrane, is intross initiates acute pancreatitis by interfering duced by lipophilic groups on the hydroxyls of l the regulated secretory pathway in pan-the 2-or 3-carbon in ascorbic acid, and may exert tic acinar cells and that treatment with a scavenging activity not only by maintaining an oxidants, by overcoming the metabolic interaction with membrane phospholipids but kade, may assist in management. Very also by suppressing superoxide production of the nt observations incriminate free radicals as membrane associated superoxide generating common trigger in acute pancreatitis and system. 7 Kuzuya et aP showed that CV 3611 exhibited a dose dependent inhibition of free radical generat0o _ Mean (SEM) tion and that in vivo administration was also )0
CDEdiet n=8 No treatment effective on myocardial reperfusion injury in *p<005
dogs.
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The molecular weight of CV 3611 is verv small )0_~~~~~~~~~~~~~P rereatment )0-_ (428.6). Its structure iS shown in Figure 6 .
--* Penetration of the biomembrane was con-ZO--_ _____---' Wisner et a122 reported that it is not clear whether the protective effects of exogenous polyethylene glycol-superoxide dismutase on caerulein induced pancreatitis are due to the enzyme's intracellular or extracellular action on the pancreas. They also suggested that exogenous polyethylene glycol-superoxide dismutase could be acting extracellularly through catalytic inactivation of superoxide anion diffusing into the interstitium from acinar cells, since compounds such as 02-and H202 can pass through cell membranes by either diffusion or transport through anionic membrane channels. However, when superoxide generated in the cell by systems such as the electron transport system in the inner membrane of mitochondria, nicotinamide-adenine-dinucleotide phosphate oxidase system, cytochrome P450 reductase, or xanthine-xanthine oxidase system, the migration distance of superoxide is not great (<320 mm). 23 Moreover, generated superoxide is dismuted to H202 by catalase or by pancreatectomised glutathione, or both.
Hydroxyl radical is also generated by HarberWeiss reaction or Fenton type reaction.24 Hydroxyl radical is the most potent oxidising and reducing species among free radicals; it immediately attacks other molecules (lipids, glucose, proteins, nucleic acids) around it with a maximum velocity of reaction. 16 Therefore, superoxide needs to be dismuted at near the generating part. One ofthe generating sources of oxygen radicals is activated neutrophils which may be suppressed extracellularly by polyethylene glycol-superoxide dismutase (described by Wisner etafj. Since CV 3611 has a long halflife in the circulation and an ability to penetrate the cell, it may suppress oxygen radicals both intracellularly and extracellularly. Our study of a potentially fatal form of experimental pancreatitis showed the protective effects of CV 3611. We do not know whether protection was effected within pancreatic acinar cells, from the interstitium, or in both ways. However, the experiments provide further strong evidence that oxygen free radicals play a pivotal role in experimental pancreatitis. 
